left-hand column, the expressions [1 + 2nS(r) sin2 9]1/2 in the relativistic solutions should be replaced by [1 + 2772S(r) sin2 O]1/2, and the last term should read F(I) = I + (1/2)17I2.
In Eq. 44, an editorial error was made. The correct equation is: p(O) = p(a) -2c2,uon2K2 > p(a) -(1/2)c2go [44] In Eqs. 45 Correction. In the article "Intramolecular ciosslinking of tropomyosin via disulfide bond formation: Evidence for chain register" by Sherwin S. Lehrer, which appeared in the September 1975 issue of the Proc. Natl. Acad. Sci. USA 72, 3377-3381, the author has requested the following changes. On page 3380, lines 10 and 11 in the right-hand column should read, "A mixture only of aa and a# chains would, .. On the same page, lines 17 and 18 in the right-hand column should read, "For the aa, af3 model the ratios would be (0.5, 0.5) and (0.6, 0.4) for a/fl = 3 and 4, respectively."
Correction. In the article "Determination of the number of superhelical turns in simian virus 40 DNA by gel electrophoresis" by W. Keller , which appeared in the December 1975 issue of Proc. Natl. Acad. Sct. USA 72, 4876-4880, the author has requested the following change. On page 4879, in the sentence beginning on the tenth line of the right column, the two minus signs should be deleted. The corrected sentence is "For SV40 DNA this amounts to a reduction of r by 0.62.5200/360 = 9 turns." Corrections Proc. Natl. Acad. Sci. USA 73 (1976) 2527 Addendum. To the paper "Purification of folate binding factor in normal umbilical cord serum" by Barton A. Kamen and J. Douglas Caston, which appeared in the November 1975 issue of Proc. Natl. Acad. Sci. USA 72,4261-4264, the following note is added.
The method for dissociation of endogenous bound folate from the natural folate-binder complex was essentially that used initially in the isolation and characterization of folate binder from hog kidney (1, 2) and subsequently employed in the discovery of a folate-binder complex in serum (3) . It is a modification of an approach used to dissociate the synthetically produced folate-binder complex with the binder found in bovine milk, which was shown by Ford et al. (4) to have a strong pH dependency for association-dissociation equilibrium. 1 Communicated by Barbara McClintock, September 30, 1975 ABSTRACT Closed-circular, superhelical DNA from simian virus 40 (SV40 DNA I) was treated with an excess of DNA-relaxing enzyme in the presence of increasing amounts of ethidium bromide (EtdBr). After removal of the ethidium, each sample consisted of a group of closed-circular DNA molecules differing in their number of superhelical turns (r) around a mean value of i in a Gaussian-like distribution. The DNA samples were analyzed by electrophoresis in agarose gels under conditions where the electrophoretic mobility was a function of the number of superhelical turns. Since the distributions around i of DNA molecules of different samples overlapped, the difference in the mean number of superhelical turns from sample to sample, AT, could be determined and used to measure the mean number (T) for native SV40 DNA I. By this criterion, SV40 DNA I contains a Gaussianlike distribution of molecules differing by integral numbers around a mean value of i = -24 i 2 at 370C [in 0.2 M NaCl, 10 mM Tris*HCI (pH 7.9), and 0.2 mM EDTAJ. The heterogeneity in r is probably a consequence of thermal fluctuations in the DNA helix at the time when the last phosphodiester bond is closed in vivo.
When correlated to the buoyant shift of completely relaxed SV40 DNA in a CsCI-propidium diiodide gradient, the number of AT = 24 + (1) , which prevents rotation of the strands in the double helix around the helix axis. Determination of the number of superhelical turns in SV40 DNA may help us to understand the organization of DNA in chromatin.
To this end, I have prepared a series of DNA samples with various degrees of superhelicity, by reacting SV40 DNA I with an excess of mammalian DNA-relaxing enzyme (11) (12) (13) (14) (15) in the presence of increasing concentrations of the intercalating dye ethidium bromide (EtdBr). EtdBr reduces the average rotation angle in the double helix (16) (17) (18) (19) . Removal of the dye forces the enzymatically relaxed DNA to acquire negative superhelical turns whose number is determined by the concentration of EtdBr present during relaxation. This procedure is analogous to the method of closing circular DNA containing at least one broken phosphodiester bond (nicked DNA, form II) by treatment with DNA ligase in the presence of various amounts of EtdBr (20) . SV40 DNA, enzymatically relaxed in the presence of EtdBr, does not migrate as a single homogeneous species during electrophoresis in agarose gels (21) . Instead, this DNA is distributed into a group of about 10 closely spaced bands, with the most intense bands located at the middle of the distribution. This phenomenon was initially believed to be a consequence of the presence of EtdBr during relaxation. However, as Depew and Wang (22) (22, 23) . Molecules differing in their topological winding number will also differ in their number of superhelical turns, T (see Results and Discussion). The shape of the resulting distribution is determined by the free energy of superhelix formation and has been used to measure this quantity (22, 23 ). In the experiments described here, I have taken advantage of the distributions of DNA around i to count the number of superhelical turns in native SV40 DNA. The uncertainties of our earlier attempts of measuring this number by gel electrophoretic methods (13) were mainly due to insufficient resolution. This difficulty has now been overcome.
MATERIALS AND METHODS
SV40 virus was propagated in African green monkey cells (CV-1) and purified by standard procedures. Plaque-purified wild-type virus (strain 777), was used at 0.4-1 plaqueforming units per cell. DNA was prepared from virions as described (24 (25) .
Treatment of SV40 DNA with DNA-relaxing enzyme was carried out in reaction mixtures of 0.1 ml containing 10 mM Tris-HCI (pH 7.9); 0.2 M NaCl; 0.2 mM Na2-EDTA; 0.05 mM dithiothreitol; 0.5% (vol/vol) glycerol; 0.1 mM (nucleotide) SV40 DNA; approximately 100 units of DNA-relaxing enzyme (15) ; and EtdBr ranging from 0 to 6.9 X 10-6 M (see Fig. 3 ). A control mixture was included which did not contain relaxing enzyme and EtdBr. After incubation at 370C for 30 5 mM sodium acetate, and 1 mM Na2-EDTA. When appropriate, EtdBr was added to the melted agarose before the gel was cast and to the electrophoresis buffer at concentrations indicated in the legend to Fig. 1 , from a 0.02 mg/ml of stock solution (in H20) kept in the dark at 40. The electrophoresis buffer was circulated between the electrode compartments at a rate of 2-5 ml/min. A constant voltage of 4 V/cm was applied for 18 hr. Unless otherwise indicated, electrophoresis was carried out at room temperature. After electrophoresis, the gels were incubated for at least 1 hr in 500 ml of electrophoresis buffer containing 0.5 ,g/ml of EtdBr. Photographs of fluorescent DNA bands were taken as described earlier (15) Fig. 3 . Sample 11 was untreated SV40 DNA I. Gel b was run in a cold room at 4°C; all other gels were run at room temperature. Gels a and b had no EtdBr. Gels c-f contained the following concentrations of EtdBr: c, 0.012 /Ag/ml; d, 0.016 tg/ml; e, 0.024 ,g/ml; f, 0.06 ,ug/ml. Staining and photography of the fluorescent DNA bands were performed as described in Materials and Methods. The slow migrating topmost band present in all samples is nickedcircular SV40 DNA. phoresis time. Molecules differing in a have different values of r and will form separate bands during gel electrophoresis.
A series of SV40 DNA samples differing in their average number of superhelical turns i was prepared by treatment of the DNA with an excess of DNA-relaxing enzyme in the presence of increasing concentrations of EtdBr and subsequent removal of the dye as described in Materials and Methods. At the time of ring closure, the average value of the topological winding number a will be different in different samples, depending on the amount of EtdBr intercalated into the DNA. Intercalation reduces the number of helical turns. Since a = ,B in a relaxed DNA, upon removal of EtdBr after relaxation, the number of helical turns will increase. This increase must be compensated for by a corresponding number of negative superhelical turns because a = # + r (1) . As a consequence of thermal fluctuations around a during ring closure, each DNA sample consists of a set of molecules, differing in a and therefore in r around a mean value (T). After gel electrophoresis, adjacent bands within a given set differ by one superhelical turn (22, 23) , as suggested earlier (13) (Fig. 1) . See text for explanation.
overlap. DNA molecules in neighboring samples which have the same electrophoretic mobility are identical in a and therefore in r. Therefore, the difference in the mean number of superhelical turns Ar in DNA samples from neighboring lanes of an agarose gel can be determined by measuring the distances from center to center of the various band sets in units of r.
The electrophoretic analysis of SV40 DNA molecules containing different mean numbers of superhelical turns is illustrated in Fig. 1 (26) (27) (28) . In closed-circular DNA this will cause an alteration in the helix winding number j3 and lead to a corresponding shift in T (Eq. 1). Therefore, any change in A, from the reaction conditions during relaxation to the analysis conditions, will shift the mean number of superhelical turns i by some positive or negative value: In Fig. lb , the effect of lowering the temperature during electrophoresis can be seen. Since a decrease in temperature leads to an increase in the average value of the helix rotation angle 00, all samples become more negatively supercoiled (Eq. 1), with a corresponding downfield shift of the DNA bands during electrophoresis (compare, for example, samples 2 and 3 in gels a and b of Fig. 1 ). The ef- feet of adding EtdBr to the gels on the electrophoretic mobility of superhelical DNA is shown in gels c-f of Fig. 1 . EtdBr unwinds the DNA helix upon intercalation. Thus, the helix winding number ,3 was lowered, causing a corresponding positive shift in the superhelix winding number T of all closed-circular DNA molecules. Therefore, DNA samples with low numbers of negative superhelical turns eventually became positively supercoiled and those containing a higher number of negative turns became less negatively supercoiled.
Complete separation of all DNA samples into their component band sets could be achieved by combining the results of gel electrophoresis in the presence of four different concentrations of EtdBr (Fig. lc-f) . The principle of the method used to measure As between different band sets is shown in Fig. 2 . Photographic negatives of the fluorescent DNA bands were traced with a microdensitometer. The middle of each distribution of bands was determined by calculating their average intensity location, with the relative peak heights serving as a measure of DNA mass. Because adjacent peaks within a group are separated by one superhelical turn, the difference between different DNA samples in the mean number of superhelical turns (AT) could be counted directly in units of turns. (Fractional values were rounded to the nearest half-turn.) Tracings of all six gels shown in Fig. 1 were used to perform this analysis. When AT~was plotted against the concentration of EtdBr present during relaxation, a straight line was obtained as illustrated in Fig. 3 . The highest number of superhelical turns counted was X = -34 I 3 (sample 10). By comparison, native SV40 DNA I had a value of i = -24 ± 2 (sample 11). The reference state for this value is 370C and buffer A (0.2 M NaCl, 10 mM Tris-HC1, pH 7.9, 0.2 mM EDTA). The error in determining Ai between two DNA samples was estimated to be of the order of +0.5-1.0 turn for each individual comparison. Thus the error in the determination of 7 for SV40 DNA depends on the number of overlaps that had to be counted from the middle of sample 1 (Fig. 1) to the middle of native SV40 DNA (sample 11, Fig. 1 ). As indicated by the data points containing error bars in Fig. 3 , the number of superhelical turns in SV40 DNA could be determined by counting a minimum of three overlaps: A-1_11 = Ai1-6 + AT6-8 + AT8-11 (subscript numerals indicate sample numbers in Fig. 1 ). (30) ], whereas the "buoyant-separation" method (31) yielded r = -19 i 1 (in 5.8 M CsCl at 20'C). Several adjustments have to be made before these values can be compared to the number r = -24 I 2 (in 0.2 M NaCl at 37"C) reported here. In contrast to the method described above, the estimates of r derived earlier required a knowledge of the value of the duplex unwinding angle (be of EtdBr. (be was taken to be -12°(16) for these calculations. However, the 120 value of Oe has recently been challenged (17) (18) (19) and there is good evidence (17, 19 ) that 0be is -26 i 20. When corrected for this change, the earlier estimates of r for SV40 DNA become X = -35 determined by "velocity sedimentation-dye titration," r = -32 obtained by "buoyant densitydye titration", and r = -40 from "buoyant separation" measurements. To account for the difference in temperature at which these analyses were carried out (20'C) and the ref- 1-18. perhelical turns must be subtracted from the earlier numbers of r (22, 23) . The remaining discrepancy of 6 to 14 turns between the older estimates and the number of X presented here can perhaps be accounted for by differences in ionic strength and counter ion (26) (27) (28) . For example, by extrapolating from data obtained with circular phage A DNA (28) and correcting to an unwinding angle of qe = -26°for
EtdBr, a change from 1.0 M NaCl to 0.2 M NaCl would result in a decrease of the average rotation angle (00) by 0.620 per base pair. For SV40 DNA this amounts to a reduction of r by -0.62-5200/360 =-9 turns. Thus, the value of r = -35 (corrected for 4e = 260) obtained by velocity sedimentation in 1.0 M NaCl at 200C would become r = -24 when adjusted to the reference state (0.2 M NaCl and 370C) employed in my experiments. Whether or not the close correspondence of this corrected number with the value of T determined here is adventitious remains to be seen. According to sedimentation measurements on X DNA (J. C. Wang, personal communication), the decrease in 0" accompanying the lowering of NaCl concentration from 1 M to 0.2 M is smaller than that reported by Hinton and Bode (28) .
The Unwinding Angle of EtdBr. It is possible to deduce the angular change in the DNA helix resulting from the intercalation of EtdBr from the slope of the line in Fig. 3 . However, this calculation would require measurements of the binding parameters (e.g., free versus bound dye, maximum molar binding ratio) at each EtdBr concentration. Instead, I have chosen to correlate the buoyant density difference in a CsCl-PrpI2 gradient of SV40 DNA I compared to completely relaxed DNA (in buffer A at 37"C) with the difference in the number of superhelical turns of these two samples As = 24 + 2. The distance separation of these DNAs from a marker of nicked-circular SV40 DNA (form II) is shown in Fig. 4 From the result presented in Fig. 4 , np -PI was found to be Av = 0.03 + 0.003. From this, the unwinding angle (be, in degrees) for EtdBr was obtained with the following equation:
(be = 360T/2N(p1O -pi) [3] where N is the number of nucleotide pairs in the DNA. Taking i as -24 I 2 as determined by electrophoresis, and N as 5200 for SV40 DNA, (be is calculated to be -27.7 + 5°.
